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Background: Neurological injuries or diseases may cause ankle–foot
deformities that seriously affect patients’ quality of life.
Objective: This study aimed to explore the feasibility of the Ilizarov
technique for treating complex ankle–foot deformity with neurotrophic
disorders.
Methods: In this retrospective study, 10 patients, including 6 males
and 4 females, with complex ankle–foot deformities with nerve injury
were treated from January 2014 to May 2019. The age of the patients
ranged from 13 to 57 years with an average of 27.9 years. The reasons
of nerve injury were as follows: sequelae of spina bifida in five patients,
post-traumatic injury of the common peroneal nerve and tibial nerve
in four patients, and subacute degeneration of the spinal cord in one
patient. Minimally invasive surgery was used for osteotomy, muscle
strength balance, and external ring frame fixation, and various
deformities were gradually corrected after the operation. The ankle–
foot function was evaluated using the American Orthopedic Foot and
Ankle Society (AOFAS) Ankle–Hindfoot Score before surgery and at
long-term follow-up after surgery.
Results: All 10 patients were followed up for 12 months to 3 years, with
an average of 1.9 years. The deformities of all 10 patients were corrected;
and of the 10 patients, three partially recovered their nerve function.
A significant difference (p < 0.001) between the AOFAS score (81.6 ±
10.45) evaluated in the long-term follow-up and that evaluated
preoperatively (31.1 ± 14.69). The AOFAS comprehensive score was
excellent in two patients, good in six patients, and fair in two patients.
Conclusion: The Ilizarov technique combined with minimally invasive
osteotomy and muscle strength balance could safely correct complex
ankle–foot deformities with neurotrophic disorders.
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1

Introduction

Many ankle–foot deformities are caused by central
or peripheral nerve injuries or diseases. Some
patients have foot sensation and neurotrophic
losses. Limbs with neurotrophic deficiency are
particularly prone to infections, difficult-to-heal
ulcers, scar contractures and stiffness in the joints,
residual deformities, muscle atrophy, unbalanced
muscle strength, and other complications, which
make treatment more difficult. Therefore, amputations are performed for some cases. Treating
limbs with neurotrophic deficiency is a challenging
task. Recently, restorative surgery for neurotrophic
foot and ankle deformity showed exciting results
[1]. Here we summarized and analyzed 10 patients
with denervated ankle–foot deformities treated
using the Ilizarov technique.

2 Materials and methods
2.1

Patients

This was a retrospective analysis of 10 patients
with complex ankle–foot deformities with nerve
injury treated from January 2014 to May 2019. Six
patients were males, and 4 patients were females;
the age of the patients ranged from 13 to 57 years,
with an average of 27.9 years. The period from
disease onset to surgery is 10–30 years, with an
average of 26 years (Table 1). The causes of the
complex ankle–foot deformities were as follows:
sequelae of spina bifida with dysaesthesia in the
ankles and foot in 5 patients, complete loss of
sensation on the sole and back of the foot in 1
patient, post-traumatic injury of the common
peroneal nerve and tibial nerve in 4 patients, and
subacute degeneration of the spinal cord in 1
patient. Six of the 10 patients were unilateral, while
the remaining four patients were bilateral. Among
the 10 patients, 2 had skin scarring on the bone
surface of the lower leg, 2 had limb shortening

greater than 2 cm, 7 patients had preoperative
compression ulcers, and 8 had ankle joint range
of motion of less than 10°.
2.2

Methods

Preoperatively, the skin condition of the foot and
ankle was evaluated, especially that surrounding
the planned incision. The accompanied pressure
ulcers and ulcers with infection were recorded.
Preoperative dressing change was performed to
treat the infection and restore the wound.
The muscle strength of the ankle was evaluated.
Balancing the muscle strength during the operation
was planned. Before surgery, deformity analysis
was planned according to the principles of Paley
Orthopedics, the center of angular rotation of the
deformity was determined, and the configuration
of the annular external fixation was designed
individually. Intraoperatively, minimally invasive
surgery for osteotomy, tendon translocation and
lengthening, and external ring fixation was used.
All patients wore orthopedic shoes within 1 week
after the operation and walked from partial
weight bearing to full weight bearing. All patients
were discharged 3–6 days after surgery. During
follow-up in the outpatient clinic, the external
fixator frame was adjusted, the deformity was
gradually corrected, and rehabilitation guidance
was provided under the guidance of the doctor.
The traction speed of the bone and soft tissue was
0.7–1 mm/d, and it was adjusted according to the
patient’s symptoms and deformities. After traction,
regenerated bone mineralization achieved the
standard of bone healing and the deformity
was corrected, the external fixator was removed.
Subsequently, a walking cast was used for 2 weeks,
followed by an orthosis for 3–6 months. The
American Orthopaedic Foot and Ankle Society
(AOFAS) Ankle–Hindfoot Score was used, and
the scores were recorded preoperatively and at
the long-term postoperative follow-up.
Journal of Neurorestoratology
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Table 1 Basic data of patients.
Unilateral
or
bilateral

Number of
operations
before coming
to the hospital

Serial
number

Sex

Age

1

Male

47

Comminuted fracture of left Unilateral Open reduction and internal fixation of left
calcaneal fracture in May 2016. A deformity
calcaneus, Charcot’s joint
of the left foot was found in May 2017.

1

2

Male

26

Severe traumatic deformity Unilateral The right tibia and fibula were fixed with
Kirschner wires at the age of 7, and the right
of right calf and right foot
calf was found to be shortened, the right
ankle was stiff and fixed, and the right foot
was deformed.

1

3

Male

19

Sequelae of spina bifida

Bilateral

A lumbar mass was discovered in 2000. In
2008, a tumor resection was performed. In
2011, a horseshoe varus deformity of the right
foot and a valgus left foot deformity were
discovered.

1

4

Male

23

Sequelae of spina bifida

Bilateral

The lumbosacral mass was raised at birth,
and the feet were slightly deformed. At the
age of 10, the bulge worsens and the deformity
of the feet worsens.

0

5

Female

26

Sequelae of spina bifida

Bilateral

In 2000, the left foot clubfoot deformity was
corrected. Postoperative deformity worsened
with limited mobility.

1

6

Female

33

Sequelae of spina bifida

Unilateral Meningocele was found at birth. Surgery
was performed at 6 months. At the age of 12,
the lateral side of his left foot was ruptured.
Lumbar spine surgery was performed at the
age of 17.

2

7

Female

20

Sequelae of spina bifida

Unilateral A bulge on the waist was found at birth.
Tethered cord was released at the age of 19.

1

8

Male

57

Spinal cord subacute combined degeneration

9

Male

13

10

Female

15

Primary disease

There is no obvious cause of intermittent
weakness of both lower limbs for 6 years.
At the age of 19, the tethered spinal cord
was released, and the bulge was excised and
repaired.

0

Crushed by car accident

Unilateral Surgery was performed after a truck crushed
his left foot in 2010. After the foot varus was
found in 2016, left Achilles tendon lengthening
was performed.

2

Car crash injury

Unilateral In 2014, a car accident caused extensive
avulsion and bleeding of the skin on the
right calf. In the emergency department,
debridement + neuromuscular exploration
and anastomosis + external fracture fixator
+ VSD placement + right lower extremity skin
exfoliation reduction and skin grafting
surgery was performed. After that, there were
2 skin grafts and VSD replacement surgeries.

3

VSD, vacuum sealing drainage.

Bilateral

Disease course
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2.3

Statistical analyses

distraction process.

Statistical analyses were performed using Statistical Package for the Social Sciences (version 18.0).
Normally distributed measurement data were
expressed as mean ± standard deviation, and
a Student’s t-test was used for assessment.
Differences were considered significant at p < 0.05.

3 Results
All 10 patients were followed up for 1–3 years,
with an average of 1.9 years. All deformities were
corrected, lasting for 2–6 months. The external
fixator was used for 5–18 months. Three patients
had partial nerve function restoration during the

3.1

Complications

One patient had ankle subluxation, corrected
promptly after discovery; 2 patients had local
skin necrosis (non-pin tract), caused by compression, healed after protection; none of the
patients had postoperative wound infection and
loose or broken steel pin, requiring reoperation.
No patient had bone nonunion at the osteotomy
site. Ten patients had a pin tract infection, which
disappeared after washing with saline. No
patient had recurrence after removing the
external fixator. The diagnosis and treatment for
10 patients are listed in Table 2.

Table 2 The diagnosis and treatment for patients.
Serial
number

Diagnosis

Preoperative
ulcer

Treatment status

Treatment
duration

Complications

Postoperative
AOFAS
evaluation

1

Postoperative deformity
of left calcaneus fracture,
left claw toe deformity,
left common peroneal
nerve injury

No

Postoperative deformity Remove the externa
correction of left calframe in 16 months
caneal fracture + first
metatarsophalangeal
joint and second
interphalangeal joint
fusion + external ring
frame fixation

Second and
third toe
pressure ulcer,
pin tract
reaction

Fair

2

Post-traumatic shortening
deformity of the right calf,
anterior arch deformity of
the distal 1/3 of the right
tibia, clubfoot deformity
of the right foot, claw toe
deformity, malformation
of the calcaneus of the
right foot, deformity of
the right talus, right
Freiberg disease, common
fibula nerve and tibial
nerve injury

No

2017.01.13: line of right Remove the externa
tibia and fibula fracture frame in 13 months
malunion and right distal
tibia valgus anterior arch
deformity, supra-ankle
osteotomy correction +
external ring frame
fixation;

Necrosis of the
skin on the
posterior side,
pin tract
reaction

Good

Bilateral clubfoot deformity, lumbar and sacral
intraspinal lipoma, spina
bifida surgery

3 cm × 2 cm
ulcer on the
anterolateral
side of the right
foot, 3 cm × 3 cm
ulcer on the anterior medial side
of the left foot

3

2017.07.05: line of right
foot trauma after clubfoot and high arch foot
deformity ligament
releasing + joint fusion +
external ring frame
fixation
Right clubfoot deformity,
plantar fascia release +
Achilles tendon release +
posterior tibial tendon
and fascia release + triple
arthrodesis + external
ring frame fixation

The external fixa- Pin tract
tor was removed reaction
after 150 days on
the right foot, but
the left foot was
not done

Good

Journal of Neurorestoratology
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(Continued)

Serial
number

Preoperative
ulcer

4

Bilateral severe clubfoot
deformity with ulcer formation on the back of the
foot, sequelae of spina
bifida

There is a 2.5 cm
× 3.5 cm ulcer on
the left foot and a
3 cm × 3 cm ulcer
on the right foot

Right foot muscle
strength balance + triple
arthrodesis + external
ring frame fixation

The external fixator Pin tract
was removed on reaction
the 103rd day after
the right foot
operation;
the left foot was
removed on the
86th day after the
operation

Good

5

Bilateral clubfoot deformity; recurrence after
correction of left foot
deformity

No

Left calcaneal osteotomy +
posterior tibial tendon
and plantar fascia
release + external ring
frame fixation

The external fixa- Pin tract
tor was removed reaction
on the 100th day
after the operation, and the assistive device was
protected for half
a year

Excellent

6

Left foot varus deformity,
right flat foot deformity,
congenital spina bifida

There is a 5 cm
wound rupture
and a 1 cm × 1 cm
skin break on
the outside of
the left foot

Left foot varus deformity
correction + triple
arthrodesis + anterior
tibial tendon
transposition + external
ring frame fixation

Remove the exter- Pin tract
nal fixator on the reaction
100th day after the
operation, and
remove the brace
after 5 months

Good

7

Right clubfoot deformity,
tethered cord syndrome,
L5–S1 myelomeningocele

No

Triple arthrodesis of
right horseshoe varus
deformity + tendon
transposition + external
ring frame fixation

The external fixator Pin tract
was removed in the reaction
6th month after
the operation, and
the plaster was
removed in the
7th month

Good

8

Spinal cord subacute
combined degeneration,
bilateral clubfoot deformity

No

Bilateral clubfoot defor- The external fixa- Pin tract
mity, external ring frame tor was removed reaction
at the 5th month
fixation
after the operation, and the brace
was protected for
1 year

Fair

9

Stiff clubfoot deformity
of left foot

No

2018.08.22: Left foot
Remove the externa Pin tract
deformity correction + frame in 16 months reaction
anterior tibial tendon
transposition + subtalar
joint fusion + external
ring frame fixation;
2018.12.20: Correction
of toe deformities

Good

10

Placement of external
fixator for open fracture
of right tibia and fibula;
soft tissue defect of right
calf; bone exposure with
wound infection; wound
expansion; skin grafting;
clubfoot deformity

3 cm × 3 cm skin
defect can be
seen on the inner
side of the right
calf, and bone
exposure can be
seen; 3 cm × 3 cm
and 4 cm × 2 cm
skin lesions can
be seen on the
right heel and
the middle and
lower part of
the right calf

Treatment status

Removal of the right
tibia external fixator +
excision of exposed
dead bone + external
ring frame fixation +
bone transport

Treatment
duration

Postoperative
AOFAS
evaluation

Diagnosis

Complications

The external fixa- Pin tract
tor was removed reaction
on the 487th day
after surgery

Excellent
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Fig. 1 A 19-year-old man with right clubfoot deformity due to sequelae of spina bifida combined with loss of tactile sensation
and proprioception on the right foot. After triple arthrodesis and Achilles tendon lysis, the deformity was gradually
corrected with a ring-type external fixator. One month after the operation, the patient reported that the sensation of the feet
had been significantly recovered, and the physical examination showed that the skin touch of the feet was improved. After
3 years of follow-up, the ulcer did not recur. (A) and (B) The patient suffered from deformity of the foot and ankle caused
by the sequelae of spina bifida, resulting in refractory foot ulcers. (C) and (D) By gradual distraction, the deformity of the
foot was corrected, and the proprioception and tenderness were partially restored, and there was no ulcer on the foot. (E) After
the patient removed the orthopedic frame, the right foot functioned well, and the deformity and ulcer did not recur.

3.2

AOFAS score

Table 3 Comparative analysis of AOFAS score.
Serial number Preoperative

Postoperative Improvement

1

15

65

50

2

41

87

46

3

12

78

66

AOFAS score was 31.1 ± 14.69 points. A significant

4

30

81

51

difference (p < 0.001) was observed between

5

61

98

37

6

30

80

50

7

36

84

48

follow-up and those obtained preoperatively.

8

35

65

30

The AOFAS comprehensive score was excellent

9

36

88

52

10

15

90

75

Mean ± SD

31.1 ± 14.7

81.6 ± 10.4

50.5 ± 12.8

The AOFAS score was 81.6 ± 10.45 points at the
long-term follow-up, whereas the preoperative

the AOFAS scores obtained at the long-term

in 2 patients, good in 6 patients, and fair in 2
patients (Table 3).

Pairing t = −12.485, p < 0.001.
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Fig. 2 A 26-year-old male with severe deformity of his right calf and right foot for more than 19 years. He was diagnosed
shortness of the right calf, malunion of the right tibia and fibula, high-arched equinovarus deformity of the right foot, and
injury of the tibial and common peroneal nerve on the right. The treatment was the correction of clubfoot and lower limb
lengthening. During the treatment, skin necrosis of the heel occurred due to local compression and the feeling of the sole of
the foot did not recover. It was recommended that patients reduce their weight-bearing, and the necrotic skin gradually
healed during the distraction and orthopedic process. After removing the external fixator, wear pressure-free insoles to
prevent recurrence of ulcers. (A) The patient’s right calf was shortened, and the right ankle was clubfoot deformity. (B) and
(C) X-ray results suggested that the tibia was shortened, valgus, and forward angular deformity, and the ankle joint was
clubfoot deformity. (D) After traction, the deformity of the affected limb was corrected. (E) Due to the lack of sensation in
the feet, local skin necrosis occurred after compression. (F) After the orthopedic frame was removed, there was no necrosis
and ulcers when wearing pressure-free insoles.
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4 Discussion
In the 1950s, Professor Ilizarov, an orthopaedic
surgeon from the former Soviet Union, proposed
his core theory “law of tension-stress (LTS)” after
several basic experiments and clinical research [2].
According to this theory, biological tissues are
affected by slow and continuous distraction,
which produces a certain tension, possibly
stimulating tissue regeneration and active growth.
The mode of growth of biological tissues is the
same as that of fetal tissues, all of which undergo
cell mitosis in the same manner.
The Ilizarov technique uses the tension-stress
stimulus produced by the external fixator to slowly
and steadily pull the living tissues, activate the
regeneration ability of bone and muscle cells,
promote the differentiation and proliferation of
tissue cells, stimulate continuous distraction, and
maintain the regeneration and growth of tissue
cells to achieve the synchronous regeneration of
bone and soft tissue [2–4]. The Ilizarov technique
is a minimally invasive technique, that can adjust
limb deformities and correct limb shortness
during the treatment process [5]. The maturity
of this theory and technology makes it possible
to cure many difficult problems in orthopedics.
The Ilizarov external ring frame fixation can
be regarded as a four-dimensional (three-dimensional space plus time phase) external fixation.
During the treatment, the external fixator can be
adjusted in all directions so that the draft can
be controlled well. The speed and frequency of
distraction should be adjusted within the limits
of a patient’s tolerance, and the risk of tissue
necrosis should be reduced. During the treatment,
the patient can walk using crutches early to
reduce the risk of osteoporosis and mental
issues, which were caused by long-term bed rest.
Different from traditional surgery for one-stage
correction of deformities, the Ilizarov technique

applies regular, continuous, and slow stretch or
compression force to regenerate the soft tissues
and bones that generate tension, and the compressed bones are gradually deformed, absorbed,
and rearranged to correct the deformity. Therefore,
many serious complications caused by traditional
orthopedic surgery are avoided. Using the
potential of tissue regeneration and applying the
Ilizarov technique to reconstruct the appearance
and function of the limbs with the smallest
possible medical trauma through continuous and
slow distraction truly realize natural rehabilitation,
optimized reconstruction, and patient-centered
medical thinking [6].
All patients in this study had denervated ankle–
foot deformities. The overall orthopedic strategy
can be summarized into four basic principles:
correcting deformities, balancing muscle strength,
stabilizing joints, and preserving foot elasticity [7].
(1) Correcting deformities: Correction of ankle–
foot deformities is the first principle. The
degree of soft tissue and skeletal deformities
should be judged based on the passive activity
state of the patient’s ankle–foot and imaging
examinations in order to determine the choice
of soft tissue management and osteotomy.
(2) Balancing muscle strength [8]: Ankle muscle
strength balance means preventing deformity
recurrence and improving ankle function.
Due to the denervation of the affected limb,
the muscle strength of the ankle of the
affected limb is unbalanced, resulting in ankle
deformity. Therefore, muscle strength balance
can be achieved through tendon translocation,
and deformity recurrence can be effectively
prevented.
(3) Stabilizing joints: Stabilizing joints and weightbearing walking are the main functions of the
lower limbs. The stability of the foot and ankle
joint is an important basis for its function. Due
to the loss of innervation, the foot and ankle
Journal of Neurorestoratology
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joints of some patients are loosened, and joint
fusion can be selected to achieve stability.
(4) Preserving foot elasticity: Such cases are often
accompanied by plantar sensory disorders.
Therefore, when choosing a joint for fusion,
try to be as stable as possible while retaining
the necessary flexibility, and try preserving
the elasticity of the foot to improve walking
function.
Due to abnormal paresthesia and neurotrophic
disorders in the weight-bearing area, patients
with ankle sensory loss are prone to recurrent
chronic ulcers that are not easy to heal [7]. In
severe cases, it can reach deep into the bone
tissue and cause osteomyelitis and subsequently
spontaneous toe amputation [9]. In the previous
orthopedic treatment, the local ulcer was treated
with surgical dressing change. The orthopedic
operation was performed after the ulcer was
healed. The ulcer took a long time to heal and
was easy to recur. Therefore, in the process of
traditional correction and treatment, skin and
limb necrosis, difficulty in wound healing, and
aggravation of infection are often faced. Restoring
the plantar foot, relieving the pressure on the
ulcer area, and improving local blood circulation
are the basis for preventing necrosis and inducing
ulcer healing. In treating ankle deformities with
ulcers, correcting the abnormal weight of the
affected foot and increasing the weight-bearing
area are the primary conditions for curing
ulcers [10]. The infection of the ulcer was treated
before the operation, and the ulcer was partially
or completely removed during the operation. The
dressing was changed after the operation. Severe
ankle–foot deformities with ulcers can undergo
further correction after limited osteotomy and
Ilizarov traction [11], it not only solves the
problem of soft tissue restricting skeletal correction
but also improves the blood supply of the ankle
and foot through traction, which subsequently
promotes the healing of ulcer wounds.

263

The Ilizarov technique was used to gradually
correct the deformities through slow traction in
patients with denervated ankle–foot deformities
involved in this study used. No limb necrosis,
wound infection, and healing delay were
observed. The application of the Ilizarov technique
to gradually correct the deformity avoids the
operation of localized extensive soft tissue
releasing, thereby avoiding the risk of infection
after the skin incision of the denervated foot. The
Ilizarov external fixation technique is applied to
orthopedic fixation. After surgery, the incision
can be easily observed, and the surgical dressing
of the ulcer can be changed, reducing the risk
of complications. With the correction of the
foot deformity, the weight bearing of the foot is
gradually corrected, and the compression free
of the abnormal weight can avoid recurrence of
ectopic weight-bearing ulcers. The traction process
can activate the self-healing ability of the tissue,
and the regeneration of the blood supply and
skin of the foot can promote the rapid healing
of local ulcers and can avoid the need for skin
grafts and flap transplantation.
The application of traction tissue regeneration
technology, through slow and continuous traction,
activates the self-repairing ability of the tissue;
therefore, the surrounding skin, blood vessels,
nerves, and other tissues are gradually lengthening
synchronously. It can effectively avoid skin and
limb necrosis caused by excessive tension during
the correction process. The Ilizarov traction tissue
regeneration technology can effectively improve
tissue blood supply and has been widely used in
treating limb deformities [12].
This study involved 6 patients with sequelae
of spina bifida and 4 patients with common
peroneal nerve and tibial nerve injury after trauma.
Among them, 3 patients had partial recovery of
foot temperature and pain and proprioception.
During the process of tissue regeneration by the
Ilizarov stretch, the affected limb that recovered
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part of the sensation did not have persistent
pressure ulcers after treatment. The walking gait
is also significantly improved. The author observed
the recovery of peripheral nerves more clearly
when the tibia transverse transport was used to
treat patients with diabetic foot with peripheral
neuropathy. It can be observed that the stable and
regular traction tissue can promote the recovery
of some nerves while regenerating the bone tissue.
Due to the restoration of nerve sensation, the
occurrence of ulcers in the weight-bearing parts
can be avoided. During the treatment of patients
with bone transfer technology, Wang Bin et al.
observed that the tiny blood vessels in the feet
had obvious collateral formation through superb
microvascular imaging [13]. We speculate that
during the process of tissue distraction, peripheral
angiogenesis can be induced and the blood supply
to the stretched tissue can be increased, which
may improve nutritional conditions for damaged
nerves. Veera Malavia et al. found that blood
vessels and nerves can be regenerated at the
same time by distraction regeneration [14].
Some scholars have confirmed that mechanical
stimulation can promote capillary and tissue
regeneration [15]. Therefore, by rationally distraction the bones, the body can be adjusted to repair
naturally, so that the bones and surrounding
muscle tissues, blood vessel tissues, fascia tissues,
and nerve tissues can grow synchronously [16].
This phenomenon has been repeatedly verified
in bone removal and limb lengthening surgery.
The physical traction force must be transformed
into a tissue growth and regeneration signal
through a body transformation mechanism to
enable the tissue to grow again. However,
current research in this field has not revealed
the reasons for the phenomenon of nerve
recovery. If a deeper understanding regarding
the mechanisms of nerve recovery is obtained,
more patients will get better treatment results
through this method.

Journal of Neurorestoratology

In the traction process, an increase in local
metabolism in the affected limb was observed.
For example, the skin of the affected limb was
obviously redder than that of the opposite limb,
the local skin temperature increased, and there
is no sign of infection such as tenderness and
abnormal secretions. At the same time, compared
with the contralateral side, the hair of the affected
limb grew vigorously, the metabolism of the
stratum corneum was increased, the growth of
the nails of the foot was faster, and the secretion
of sweat was increased. We speculate that the
cause of this phenomenon may be related to the
regeneration of the capillaries of the affected limb
during the distraction process, which promotes
a significant increase in local blood supply.
Whether it is accompanied by the recovery and
enhancement of autonomic nerve function has
not been confirmed yet.
Exercise is essential in the entire treatment
process. During the treatment, attention should
be paid to the exercise of lower limb function.
Adequate and active exercise can promote blood
circulation to bones and soft tissues, increase the
application of synovial fluid to the articular
cartilage, and prevent joint stiffness. Therefore,
patients should be encouraged to take the initiative
to exercise limb function during treatment.
Therefore, the limbs are treated in use and used
in treatment [17] in line with the orthopedic
natural reconstruction concept and the treatment
principle of “simultaneous treatment, combined
use and exercise, natural rehabilitation, and
optimized reconstruction” [18].
In this group of cases, pin tract reactions and
infection appeared during the treatment. The pin
path communicates with the outside, so it has a
certain relationship with the sanitary condition of
the environment. This is a common complication
of external fixation treatment of the disease.
All patients should be treated with daily pin
cleaning. Patients with more purulent secretions
Journal of Neurorestoratology
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can be treated with second-generation cephalosporins empirically or antibiotics based on the
results of drug sensitivity. After the outer
frame was removed, the infection did not recur,
and there was no pin tract osteomyelitis. Joint
dislocation occurred in one patient, which
recovered after timely correction. One patient lost
the sensation of the heel during the deformity
correction process, followed by local skin necrosis
because of the pressure on the heel after surgery.
One patient had pressure ulcers due to mutual
compression of the second and third toes. After
releasing compression and changing local surgical
dressings, skin necrosis and pressure sores
gradually healed in the deformity correction
process. It can be observed that when the
sensation of the plantar surface is completely lost
and cannot be recovered and when the weightbearing function of the plantar is increased and
the elasticity is weakened after correction, the
foot is likely to have neurotrophic ulcers.
However, avoiding weight bearing, keeping the
feet warm, and wearing relatively large and soft
orthopedic shoes can help prevent and heal
ulcers. Patients in the perioperative period can be
treated with oral nonsteroidal anti-inflammatory
drugs (NSAIDs) for pain relief. In the early
stage of walking down the ground, intermittent
oral NSAIDs were given according to the pain.
With the correction of the deformity, the pain
gradually reduced and disappeared. Psychological
counseling for patients wearing external frames
is an indispensable part. However, professional
psychological counseling and treatment were
unavailable due to the concepts of patients.
Because of the complexity of the psychological
scale and the limited time for follow-up visits,
relevant research and statistical work have not
been performed in an orderly and reasonable
manner. Furthermore, we will provide psychological counseling for each patient, and give
encouragement and enlightenment to eliminate
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the compliance problem in the treatment process
of the patient. However, as the effectiveness of
treatment gradually emerges, patient compliance
will be more improved.

5 Conclusions
In patients with severe ankle–foot deformities
dominated by denervation, the bones and joints
of the foot and ankle have deformities and
positional disorders. Traditional surgery was
performed at one stage, which increased the
risks of blood vessel and nerve complications
because of the susceptibility of vessels and nerves
to greater traction. The curative effect cannot
be guaranteed. Although simple osteotomy and
bone arthrodesis can correct the deformity
simultaneously, it can easily lead to joint stiffness
and even significantly shorten the length of the
foot. The use of the Ilizarov external fixator, by
gradually applying tension, achieves slow traction
and gradually corrects the deformity. While
correcting the deformity and ensuring the length
of the affected limb, it avoids limb necrosis
caused by vascular injury, promotes the healing
of ulcers, retains the function of lengthening
and transposition of the tendon, and enables
some patients to obtain certain recovery of
nerve function. For the affected limbs that feel
unrecovered, performing functional exercises
and wearing pressure-free orthopedic shoes can
help achieve satisfactory correction of this type
of ankle–foot deformity.
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